Objective: The authors estimated the prevalence and severity of cutaneous allodynia (CA) in individuals with primary headaches from the general population.
The gold standard for the assessment of CA at particular points in time is quantitative sensory testing (QST). Using QST, pain thresholds for heat, cold, and pressure stimuli are measured. However, routine QST is not practical in the clinical setting and not feasible in large population studies. Therefore, questionnaires that assess CA are of importance in clinical practice and research. Based on a previously published questionnaire, 10 we developed and validated the 12-item Allodynia Symptom Checklist (ASC) and tested it in a large population sample of migraineurs participating in the American Migraine Prevalence and Prevention (AMPP) study. 11 We showed that the questionnaire is psychometrically sound. Additionally, severe CA, as measured by the ASC, correlates with frequency and severity of migraine attacks, with typical migraine symptoms as well as with migraine disability. 10 Here, we used the ASC-12 to assess the prevalence and severity of CA in subjects with various types of primary headaches in the general population. Because CA has been recently suggested as a risk factor for migraine progression, we hypothesized that the prevalence and severity of CA would be higher in transformed migraine (TM) than in migraine and in migraine than in other primary headache disorders. We also hypothesized that CA would be associated with frequency of attacks and disability. We assessed and controlled for the influence of demographic features, pain, frequency and severity of headache, psychiatric comorbidity, and use of medication. Finally, because obesity and depression have both been suggested as risk factors for migraine progression, we investigated the association of CA with these variables.
METHODS Study population. The AMPP is a longitudinal study following a cohort of severe headache sufferers selected from a representative sample of the general population. 12, 13 One of the main objectives of the project is to establish risk factors for headache progression (e.g., risk factors for chronic daily headaches [CDH] ).
The AMPP is composed of two major phases. In Phase 1, we screened a nationwide sample to identify headache sufferers using a validated self-administered questionnaire. The questionnaire was mailed (July-August 2004) to a stratified random sample of 120,000 US households drawn from a 600,000-household national panel maintained by the National Family Opinion, Inc. Of 162,576 individual respondents, 30,721 reported at least one severe headache in the past year. In Phase 2, a random sample of 24,000 individuals with headache was enrolled in 5 years of follow-up study. Like in Phase 1, headache categories were determined. Episodic headache sufferers (Ͻ15 days of headache per month) were classified as having migraine, probable migraine (PM), or severe episodic tension-type headaches (S-ETTH). Individuals with CDH (Ն15 days of headache per month) were subdivided into TM and other CDH (O-CDH). The reason we report on S-ETTH and not ETTH is because the screening question was based on severe headaches in the prior year.
The first follow-up survey was conducted in July-August 2005. It has been described elsewhere as well as the validation of the allodynia questionnaire. 10, 12 Description of the survey. The questionnaire consisted of 82 questions assessing headache diagnosis, CA, comorbidities, headache-related impact, health-related quality of life, and demographics. We used a validated headache questionnaire consisting of 21 questions to capture the features of up to three headache types. 12, 13 Diagnoses of migraine and PM were assigned based on the criteria proposed by the second edition of the International Classification of Headache Disorders. 14 Diagnosis of CDH and TM followed the Silberstein and Lipton criteria. 15 The survey had been previously shown to have a sensitivity of 100% and specificity of 82.3% for the diagnosis of migraine. 16 The questionnaire has a sensitivity of 93% and a specificity of 85% for the diagnosis of TM. 17 The questionnaire also captured information on demographic features, duration of headache (number of years with headache), weight and height, and comorbid disorders (arthritis, asthma, and chronic pain). Disability was assessed with the Migraine Disability Assessment (MIDAS) questionnaire. 18 MIDAS was used to divide patients into four grades using previously validated and well-accepted scores based on lost time attributable to headaches. Depression was screened with the Patient Health Questionnaire from the Prime-MD questionnaire. 19 Assessment of allodynia. Allodynia symptoms and score on CA severity were obtained by using the ASC questionnaire. 10 The ASC included 12 questions about the frequency of various allodynia symptoms in association with headache attacks. For individuals with more than one type of headache, questions were directed to the "most severe type of headache" based on the prior evidence indicating that the most severe type was likely to be migraine. [20] [21] [22] Instead of using a dichotomous option (yes or no), the response categories were never, rarely, less than half the time, and half the time or more.
ASC items were scored as 0 (i.e., never or rarely or does not apply to me), 1 (less than half the time), and 2 (half the time or more), yielding scores that ranged from 0 to 24. In the development of ASC, alternative scoring strategies were evaluated but did not alter the results. 23 The validation process defined the following categories based on the ASC CA scores: no allodynia (0 -2), mild (3-5), moderate (6 -8), and severe (9 or higher).
Analyses. Analyses were performed using SAS. Data were summarized using frequency counts and descriptive statistics. ASC scores were assessed as explained previously.
The 2 test was used to compare proportions among groups. We modeled headache status as well as frequency of headaches among the different headache status and disability as measured by the MIDAS questionnaire as dependent variables using CA as an independent variable after adjusting for covariates in three different models of logistic regression. In model 1, adjustment was conducted for demographic variables (age, sex, race, income, and so on). In model 2, we used the same adjustments for model 1 and also headache frequency, severity, and duration of illness. In model 3, we used the same adjustments for model 2 and also included comorbidities, use of preventive medication, and use of opioids.
Our sample size allowed running the three models for migraine and model 1 for the other headache types. Logistic regression was used to estimate the odds and prevalence ratios for each explanatory variable. Ninety-five percent CIs are provided for all ratios. All CIs not containing the value 1 indicate that the effect is a significant predictor.
Finally, we also treated CA as a continuous variable and compared the mean CA scores in individuals with and without major depressive disorder (as assessed by the Patient Health Questionnaire) after stratifying by the body mass index category (normal weight, overweight, obese, and morbidly obese) using parametric statistics.
RESULTS Study population. Of 24,000 headache sufferers surveyed, 16,573 returned complete questionnaires (69.0% response rate). All of them had at least one severe headache in the previous year. A total of 11,094 had migraine; 1,491 had PM, 1,151 had S-ETTH, 643 had TM, and 152 had O-CDH. A total of 2,042 had unclassified headaches. Table 1 displays the demographic features of our sample by headache type.
Prevalence and severity of allodynia by headache diagnosis. The prevalence of CA during headache attacks (defined as an ASC-12 score of 3 or higher) was higher in those with TM (68.3%) than in episodic migraine (63.2%, p Ͻ 0.01) and in both of these groups compared with PM (42.6%, p Ͻ 0.001), O-CDH (36.8%, p Ͻ 0.001), and S-ETTH (36.7%, p Ͻ 0.001) (figure 1). The relative frequency of mild and moderate CA was remarkably similar among the headache groups, whereas the prevalence of severe CA varied markedly (figure 1). In TM sufferers, 23.7% had mild, 16.1% moderate, and 28.5% severe CA. Figure 1 illustrates the severity of CA for the other headache subtypes. Figure 2 presents the mean ASC-12 scores per each headache diagnostic group. Overall, the scores were higher in TM (5.5 Ϯ 5.0) than in migraine (4.6 Ϯ 4.5, p Ͻ 0.001) and in both TM and migraine than in O-CDH (1.59 Ϯ 2.5), PM (0.8 Ϯ 1.9), and S-ETTH (2.15 Ϯ 2.99) (p Ͻ 0.001 for all comparisons). The ASC-12 scores did not differ significantly among PM, O-CDH, and S-ETTH. For all the primary headaches, the overall ASC scores were higher in women than in men (figure 2). Results of logistic modeling are presented subsequently.
Predictors of allodynia by headache type. Migraine
(n ‫؍‬ 11,094). Table 2 summarizes the predictors of allodynia by headache type adjusting by demographic features. The description of the CA subtypes as well as the association among allodynia, demographics, and headache features in persons with migraine were described in details in the validation of the instrument. 10 Among episodic migraineurs, CA was more common in women than in men (prevalence ratio [PR] ϭ 1.7, 95% CI ϭ 1.55-1.82). Contrasted to white subjects, CA was more prevalent in black subjects (PR ϭ 1.14, 05% CI ϭ 1.04 -1.25). The prevalence of CA decreased with educational level (graduated vs less than high school, PR ϭ 0.68, 95% CI ϭ 0.55-0.83). The prevalence of CA decreased with age. Contrasting migraineurs 74 years or older with those aged 18 -24, the PR was 0.76 (95% CI ϭ 0.61-0.95). It increased with attack frequency (from 24.9% in those with Ͻ6 migraine attacks per year to 48% in those with 2-3 attacks per week, PR ϭ 1.96, 95% CI ϭ 1.7-2.26) and higher disability (MIDAS IV vs I, PR ϭ 1.98, 95% CI ϭ 1.85-2.11). Finally, CA was more common in obese individuals (1.21, 95% CI ϭ 1.13-1.30).
In table 2 , the prevalence of CA in migraine is adjusted by demographic variables (model 1), and in table 3, it is further adjusted by comorbidities (model 2) and use of medication (model 3). The more strict models of adjustment confirmed the findings and also suggested that CA increased with illness duration.
Probable migraine (n ‫؍‬ 1,491). Like the results in migraine, for PM, CA was more common in women than in men (PR ϭ 2.95, 95% CI ϭ 1.98 -4.4), in those with higher headache frequency, and in those with increased disability (MIDAS IV vs I, PR ϭ 2.87, 95% CI ϭ 1.95-4.23). It did not vary as a function of the other demographics or variables.
Severe episodic tension-type headache (n ‫؍‬ 1,151). In S-ETTH, the prevalence of CA was also higher in women than in men (PR ϭ 2.68, 95% CI ϭ 1. 37-5.22 ) and in those with higher headache frequency and disability. Compared with those with less than six headache attacks per year, those with 24 -50 had a PR of 1.77 (95% CI ϭ 1.06 -2.95). Contrasting severe disability vs no disability, after adjustments, the PR was 1.79 (95% CI ϭ 0.86 -3.71). It did not vary as a function of the other demographics.
Transformed migraine (n ‫؍‬ 643). Like in the other groups, CA was more common in women than in men (PR ϭ 1.71, 95% CI ϭ 1.00 -2.91) and in those with severe disability (Midas IV vs I, PR ϭ 2.49, 95% CI ϭ 1.73-3.59). CA did not vary as a function of race, education level, illness duration, attack frequency, or body mass index.
Other chronic daily headaches (n ‫؍‬ 152). Individuals from Asian origin with O-CDH were more likely to have CA than whites after adjustments (PR ϭ 5.50, 95% CI ϭ 1. 23-24.55 ). For all the other variables, the differences were not significant, probably as a result of the smaller sample size of the group and the low prevalence of CA on individuals with O-CDH (36.8%). Therefore, adjustments of CA in the O-CDH group are not presented in table 3.
Depression, allodynia, and headache type. For migraine and PM, increased body mass index was associated with an increased prevalence of CA. In addition, individuals with major depression had higher ASC scores than individuals without depression after stratifying by body mass index (table 4). In migraineurs with normal weight Values are n (%). PM ϭ probable migraine; S-ETTH ϭ severe episodic tension-type headache; TM ϭ transformed migraine; O-CDH ϭ other chronic daily headaches.
Figure 1
Relative frequency and severity of cutaneous allodynia according to headache subtype 2) The severity of CA is also highest in TM and migraine followed by PM and lower in S-ETTH and O-CDH, even after adjustments that account for the severity of the headache. Therefore, it is not that compared with migraine, the lower severity of ETTH attacks account for the lower severity of CA seen in the later group. Once more, this finding supports that CA maps onto migraine biology. 3) In logistic regression, CA is more common in women than in men for all primary headaches. Therefore, sex (female) and CA are associated. 4) In migraineurs, CA is associated, after adjustments, with female sex, high attack frequency, long disease duration, and obesity. The relative frequency of CA decreases with age. 5) Depression is independently associated with higher CA scores for all headache types. Identifying factors that map onto disease biology as well as risk factors for clinical and anatomic progression for diseases have emerged as a very important public health priority because it may provide a foundation for more aggressive preventive intervention. 24 Furthermore, identifying risk factors that are specifically related to one disease progression (e.g., from migraine to transformed migraine or from episodic tension-type headache to chronic tension-type headache) may provide valuable insights into disease pathophysiology. [24] [25] [26] Although available evidence is limited, risk factors for headache progression can be divided into nonmodifiable and modifiable based on the prospects for addressing them with behavioral or medical interventions. 27 For migraine, examples of factors nonmodifiable by medical intervention include age, sex, and socioeconomic status. Medically addressable risk factors include frequency of migraine attacks, obesity, acute medication overuse, caffeine overuse, stressful life events, depression, and sleep disorders. 28, 29 Our data suggest that CA maps onto the migraine biology. Although the first neurologic event leading to migraine pain is a matter of debate, it has been suggested that dysfunction of brainstem involved in the modulation of craniovascular afferents may lead to activation of ascending and descending pathways with initiation of a perimeningeal vasodilatation and neurogenic inflammation. 30 In this context, the pain is understood as a combination of altered perception (as a result of peripheral or central sensitization) of stimuli that are usually not painful as well as the activation of a feed-forward neurovascular dilator mechanism in the first (ophthalmic) division of the trigeminal nerve. Alternative view proposes that cortical spreading depression, the presumed substrate of migraine aura, is the first neurologic event that would lead to inflammation of meningeal blood vessels and activation of the trigeminal nucleolus caudalis. 31 Cortical spreading depression would also be modulated by brainstem structures.
CA is a frequent symptom experienced with migraineurs, 4-7 reflecting central sensitization at the level of the trigeminal nucleus caudalis, a structure that is in close relation with the periaqueductal gray area. [32] [33] [34] Speculating on the progression of migraine, it may be hypothesized that repetitive activation of trigeminovascular neurons and consequently repetitive activation of modulatory pain pathways involving the periaqueductal gray may lead to impairment of function Each value is followed by the 95% CI. Adjustments were conducted by age, sex, race, income, headache frequency, severity and duration of illness, use of preventive medication, and use of opioids. PM ϭ probable migraine; S-ETTH ϭ severe episodic tension-type headache; TM ϭ transformed migraine; PR ϭ prevalence ratio; NOT-EST ϭ not estimated as a result of sample size limitations.
or partial neuronal cell damage, through the liberation of free radicals, in the periaqueductal gray (involved with migraine modulation) or eventually in areas involved with migraine generation. 30, 31 If that is true, CA would be associated with the migraine spectrum, but not with all primary headache disorders, which was the primary hypothesis of our study. Female sex and depression seem to be nonspecific proallodynic factors. For the first, the importance of sexual hormones may be speculated. In a human model of capsaicin-induced trigeminal sensitization, pain area significantly changed across the menstrual cycle from a maximum at the menstrual and a minimum at the luteal phase (p Ͻ 0.001). The areas of pain were significantly larger in both phases for females compared with males. Area of brush-evoked allodynia was also larger at the menstrual phase compared with the luteal phase (p Ͻ 0.0001) and males (p Ͻ 0.0001). 35 For depression, to our knowledge, this is the first study to report it as being independently associated with CA throughout a gamut of headache disorders. Because several antidepressants act in the substantia nigra pars compacta and ventral tegmental area, 36 suggesting the importance of these structures that are closely related with the trigeminal nucleus caudalis, 37 in the etiology of depression, this may at least partially explain our findings.
Our data also suggest that CA increases with increased weight and decreases with age. Obesity is associated with increased plasmatic concentration of several proinflammatory mediators and of calcitonin gene-related protein. 38, 39 Furthermore, relative to normal weight, obese migraineurs have attacks of increased frequency and severity, 29 which may explain the higher prevalence of CA in obese individuals. Of note is the age-related decrease in CA. The reasons for this are unknown, but previous studies have shown that migraine attack frequency and severity decreases with age. 40 Perhaps the activation of pain pathways declines as attacks become less frequent and severe. Perhaps headaches improve with age as a result of involution of the neurotransmitter systems that mediate head pain. 41, 42 Our data must be interpreted with caution. First, although we used a questionnaire that has been validated for the assessment of CA in the population, the validation happened in migraineurs only. 10 Although we have no reasons to assume that the psychometric properties of the questionnaire would be substantially different in the other headache groups, analogous problems Table 3 Adjusted prevalence ratios in individuals with migraine were seen with other headache questionnaires such as MIDAS and HIT-6 that have been validated for migraine but are often used for the assessment of other primary headaches such as chronic daily headaches or cluster headaches. [43] [44] [45] Second, the ASC classification of severity of CA has not been compared with classification based on QST. Although QST is the gold standard for determining whether a patient has allodynia at a particular point in time, it is subject to temporal sampling error. 1, 2 Finally, although our data suggest that the prevalence and severity of allodynia varies among different primary headaches, we have not yet determined if allodynia as measured by ASC predicts headache progression. Strengths of our study include the robust sample size and the use of validated questionnaires in a cohort of subjects previously identified and representative of the US population. ACKNOWLEDGMENT
